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CaAs looks forward to new 
markets at MANTECH 
Dr Alan Mills 
The current strength of the gallium arsenide integrated circuit (CaAs IC) market, together with a number of 
growing opportunities, provided an excellent backdrop for the ‘International Conference on Gallium 
Arsenide Manufacturing Technology (MANTECH)’ held in Seattle, Washington, USA, from 27-30 April, 1998. 
I t is a good time to be in the GaAs business! With GaAs ICs having established a number of 
high volume markets in areas such 
as mobile conimunications, MAN- 
TECH highlighted a number of 
new applications that are emerg- 
ing as potentially important mar- 
kets. Among the applications that 
promise to add to the existing IC 
demand are the first editions of au- 
tomobile anti-collision radars, due 
out later this year, and low- and 
mid-earth orbit satellites that will 
be launched in the next two to 
three year period, plus their terres- 
trial transmitter-receiver stations. 
Using currently forecast growth 
rates, GaAs IC sales will exceed 
US$l billion this year (for the first 
time!), and the total compound 
semiconductor device market, in- 
cluding optoelectronics, will ex- 
ceed the $6 billion level. 
In his keynote address, Dr Lou 
Tomasetta, the president and CEO 
of Vitesse Semiconductor Corp 
(Camarillo, CA, USA) stated that 
GaAs KS have now been in volume 
production for almost ten years and 
that their 1997 market value was 
about $700 million worldwide, of 
which US manufacturers accounted 
for $250 million. During this period, 
Tomasetta said the GaAs market’s 
focus had changed from price in- 
sensitive applications for the mili- 
tary and supercomputers to much 
higher volume, cost sensitive con- 
sumer and commercial uses. Today, 
most of the GaAs IC demand is gen- 
erated by commercial applications, 
including telecommunications, cel- 
lular phones, satellite receivers and 
disc drives. Tomdsetta estimated 
that communications markets alone 
are expected to account for 
$500 million in 1998 sales. with 
Table 1. Comparison (fJS$) of cost between 4” and 6” GaAs (14 mask layers) 
Depreciation 
Wafer 
Labour 
Chemicals 
occupancy 
Total wafer cost 
Cost per mm* 
‘Estimate for mid-1999. 
Source: Vftesse Corp. 
4” 6” 
220 220 
175 380’ 
120 120 
110 120 
40 40 
665 880 
0.085 0.050 
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most sector growth rates currently 
in the 50% per year range. 
In today’s GaAs device markets, 
Tomasetta said a customer does 
not buy a technology, but rather an 
IC product that will plug in to a 
waiting socket. Current market de- 
mand means that GaAs must be 
competitive on a cost/perfor- 
mance basis, a contradistinction to 
the long stated but unproven idea 
that GaAs ICs are expensive. With 
growing I<: volumes and improv- 
ing process technologies, the cost 
of GaAs chips has been declining 
at the same time as frequency, volt- 
age and power performance have 
been improving.Tomdsetta provid- 
ed the real truths - CMOS process- 
es are inexpensive, high volume 
GaAs ICs are not expensive. But. of 
more significance to the GaAs 
community, some silicon device 
processes such as BiCMOS and 
bipolar can be expensive, hence 
the growth of digital GaAs IC 
markets at the expense of emitter 
coupled logic (ECL) bipolar 
silicon. 
In Tomasetta’s opinion, bipolar 
silicon technology is repeatedly re- 
born as the answer to GaAs, but 
each process rendition is more 
complicated, currently with about 
28 mask levels.Additionally, ECL de- 
vice performance decreases as the 
system operating voltages are re- 
duced; therefore bipolar silicon 
rarely meets its GaAs challenges. He 
presented cost estimates for 4” and 
6” GaAs wafer processes (Table 1) 
which show that present day GaAs 
die costs for digital KS can be com- 
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Tgure 1. Technology candidates for multi-Gbit rate products based on power criteria (cour- 
tesy of Vitesse Corp). 
petitive with most silicon process- 
es, with the exception of CMOS. 
Tomasetta’s overall message 
was that today’s GaAs ICs have a 
real cost-performance superiority 
in several growing markets, includ- 
ing high frequency applications in 
the 25 to 80 GHz frequency range. 
By the year 2002, he believes this 
range will rise to the 30 to lOO+ 
GHz devices, as silicon catches up 
at the lower end of the frequency 
range.Where other electrical char- 
acteristics become important, the 
use of III-V materials has potential 
advantages, such as power and 
noise levels, even in the lower fre- 
quency ranges. An example of 
such ‘other advantages’ is illustrat- 
ed by the relative power compar- 
isons shown in Figure 1. Here, the 
relative power efficiency of bipo- 
lar silicon and heterojunction- 
GaAs devices (H-GaAs) shows an 
increasing performance advantage 
for GaAs devices during the last 
ten years. Consequently, when low 
noise levels, power output or pow- 
er added efficiency are the decid- 
ing factors, GaAs ICs can often 
win the competition for analogue 
and digital applications. The 
GaAs IC outlook has never been 
better! 
Satellite systems 
The next plenary lecture subject 
should also whet the appetite of the 
GaAs IC manufacturers and of PC- 
equipped readers. It is the global 
broad band wireless communica- 
tion systems for the next century as 
described by Jim Miller from 
Teledesic Corp (Kirkland,WA, USA). 
Founded in 1990 and with signifi- 
cant backers including Craig 
McCaw, Bill Gates and the Boeing 
Corp,Teledesic is developing a satel- 
lite telecommunications system 
dubbed the ‘Internet in the Sky’. 
The company has already re- 
ceived a US Federal Communica- 
tions License to build, launch and 
operate its network, the only one 
issued to date. 
Teledesic’s plans include the as- 
sembly of 350 low cost satellites of 
which 288 will be deployed in low 
earth orbit stations allocated into 
12 planes of 24 satellites each and 
the remaining 62 will be retained 
as replacement units.The initial de- 
ployment will provide global cov- 
erage without the delays inherent 
with geostationary orbiting satel- 
1ites.A low earth orbit system (160 
to 800 km) will also allow the use 
of smaller, lower power, lower cost 
terminals and antennas.To provide 
true compatibility with the exist- 
ing services, the Teledesic System 
has been designed to provide 
seamless compatibility with terres- 
trial networks and the Internet of 
the future. The main applications 
for these services are expected to 
come from any global area not sup- 
plied with wide bandwidth fibre 
optic data transmission services, 
(which includes most of the globe) 
and world travelling business exec- 
utives. By the year 2005, the mobile 
connecting-modem cost is forecast 
to be as low as $2000. 
Within any area, this network 
will support millions of simultane- 
ous users and up to 500 Mbps data 
speeds to and from the user termi- 
nals. To accomplish these goals 
Teledesic will use Ka-band uplinks 
in the 28.6 to 29.1 GHz waveband 
and 18.8 to 19.3 GHz waveband 
down links. Data transfer will be- 
come simpler and faster with user 
connections running between 2 
and 64 Mbits per second. On this 
system a digital set of X-rays should 
take only a few seconds to trans- 
mit, compared with about 4 hours 
using today’s standard modems. 
The mere mention of these fre- 
quency ranges should bring to 
mind compound semiconductor 
materials and GaAs in particular. 
For the GaAs device industry, 
Miller had very good news. He iden- 
tified it as “an industrial sector that 
would potentially shape the future 
of his company and its services”. He 
foresees companies like Teledesic 
driving up GaAs IC demand to 
where economies of scale for GaAs 
ICs will reach levels only previously 
obtained by silicon IC production.A 
significant market driver wiIl be the 
millions of satellite user terminals, 
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which because of their IC demand 
should “significantly reduce the 
price of GaAs components” (and 
support the 6” substrate business). 
According to Miller:“With $7 billion 
to be spent in space, $7 billion on 
ground terminals and the possibility 
that residential expenditures will be 
even higher. _. 1 this communications 
application] will tax the capacity of 
GaAs if all the (proposed) satellite 
systems become real”. If true, even 
the GaAs wafer suppliers should be 
happy. 
Automotive radars 
Automotive radar systems are not re- 
ally a new idea, with a 16 GHz-work- 
ing prototype having been made in 
1970, a 35 GHz version made in 
1975 and a commercial system in 
use by Greyhound since 1992. Until 
recently the <&I GHz band was 
thought to be a suitable operating 
frequency, with the Japanese makers 
using the 60 to 61 GHz band for 
their development programmes. 
However, because the lower fre- 
quencies require large antennas and 
becaufie an internationally accept- 
able band at 76 to 77 GHz is avail- 
able. this frequency band is 
becoming the & fucto standard for 
millimetre-wave forward looking au- 
With a long history in millimetre 
wave development dating back to 
toradars (FLRs), even in Japan. 
the 195Os, I>aimler-Benz is close to 
offering a consumer product for 
this market, which is scheduled to 
be released before the end of this 
year. This is a safety driven market 
needing an inexpensive, unobtru- 
sive unit that will ‘see’ through ad- 
verse weather conditions. including 
water spray, snow. fog and rain. 
According to Josef Wenger from the 
Daimler-Henz Research Centre in 
Ulm, (hxmany, a prdctical unit re- 
quires a narrow beam focus, small 
dimensions and antenna size. and a 
low cost, with an initial price goal 
of under $500.This price range re- 
quires a 100 mm2 GaAs IC die to be 
made for about $100, a realistic pro- 
position in high volume production. 
Early radar systems were hybrid 
circuit versions and a low cost pla- 
nar hybrid GaAs-based unit has 
been chosen for the first Daimler- 
Benz equipment. But competition 
is keen. with companies such as 
IAF and ADC (‘TEMIC/Lieca) in 
Germany; Raytheon,TRW and M/A- 
COM in the USA, and Denso, 
Table 2. Requirements and technological trade-offs for FM-CW and pulsed radar design 
Fujitsu and NEC in Japan all work- 
ing to develop cost-effective sys- 
There is some difficulty in gen- 
erating the required signal power 
tems for cars. 
at 76 GHz causing technology 
trade-offs in the system design (see 
Table 2). However, the technology 
and cost-performance require- 
ments have not restricted the ma- 
terials under consideration, since 
systems based on GaAs, InP, Si and 
SiGe device technologies are still 
being evaluated. Pulsed beam sys- 
tems may have a slight system 
edge, especially if RF-pollution is 
considered.And in the short term, 
microwave monolithic KS (MMICs) 
based on 111-V materials are the on- 
ly real device solution for this 
waveband. Should their high fre- 
quency performance and reliability 
improve, a system based on silicon 
and silicon-germanium devices 
may be able to compete effectively 
at a later date. 
An example of the anticipated 
benefit from collision avoidance 
radars is provided by Greyhound 
Bus Line’s operation, which has 
been using a 24 GHz single beam 
system for over five years, manu- 
factured by Vordd Safety Systems 
Oscillator 
Transmit power 
HIGHER COMlkEXI~ 
low phase noise, low residual FM, 
high linea&y (may require ‘linearizer) 
HIGHER AVERAGE PO?VER 
3-10(20) mW 
LOWER C&PLEXITY 
higher phase noise acceptable 
HIGHER PEAK POWER 
>10 mW 
T/R switching NONE FAST (ns) 
Antenna(s) DUALANTENNA or DUP 
Microwave pollution HIGHER (3-10 mW 
Receiver sensitivity/NF 
Dynamic range 
u3a.s SINGLEe~TENNA POSSIBLE 
^> LOWER cl00 pw) 
LOW 
(43 dB, goal: <5 dB) 
VERY HlGH 
010 dB for roadside detection) 
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Inc (San Diego, CA, USA). These 
radars were installed on 1700 
long distance buses in 1992, caus- 
ing accident rates to drop by 
about 25%, to the lowest levels in 
Greyhound history. 
With Daimler-Benz planning 
the introduction of the first car 
radar systems later this year, 
Wenger forecast the world market 
for these radars to rise to about 
14% of all cars by the year 2000. 
Based on 60 million cars being pro- 
duced in 2000, there would be a re- 
quirement for 8.4 million radar 
units. In his view, the effect on the 
GaAs wafer market will not be too 
large, but this year-2000 demand 
would require 28 000 additional 
GaAs wafers, assuming a 50% yield 
and 600 die per 4” wafer. Within 
four or five year’s time, the auto- 
radar IC market could add one mil- 
lion square inches of substrates to ’ 
the annual GaAs wafer demand, as 
the aftermarket also develops. 
Mobile telephones 
The Awards Luncheon Speaker, 
David Ross of cellular phone manu- 
facturer QUALCOMM Inc (San 
Diego, CA, USA) covered another ac- 
tive GaAs IC market in his talk.Two 
international standards support 
most of today’s advanced system 
needs; GSM (global systems mobile 
telephones, a time division multiple 
access [TDMA] standard), which 
has the market edge outside North 
America and CDMA (code division 
multiple access).The USA has 50 to 
60 million mobile phone sub 
scribers, but there is a lot of churn- 
ing in the market as subscribers 
change carriers and rapidly move 
up to the latest handset models. In 
the digital market, CDMA has the 
major market share and a 20% 
growth rate in North America, with 
about 15 million US subscribers ex- 
pected by the end of 1998. 
However, GSM phone use is also in- 
creasing rapidly in the USA and 
manufacturers worldwide are plan- 
ning dual system handsets to cover 
either system option. 
Presently, both systems use a 
wide range of GaAs ICs, such as 
power amplifiers, low noise amps, 
RF amplifiers, active mixers, and RF 
switches.This circuit package repre- 
sents about 10% of the unit costs. 
However, the international cell- 
phone market is very competitive 
and in this operating frequency 
range of 1000 to 2500 MHz, the pre- 
sent GaAs IC applications are also 
targeted by silicon chip producers. 
Thus, only improved pricing, perfor- 
mance and higher levels of integra- 
tion will keep GaAs circuits in the 
lead. Low voltage operation 
(3 volts) is an important factor and 
is now available in GaAs ICs. The 
single, low-opemting voltage and 
the 3 dB lower noise levels from the 
latest GaAs ICs provide a competi- 
tive edge and allow more phone 
users per cell site. 
The mobile phone market dri- 
vers around the world are size, 
weight and battery life with 
added features being less impor- 
tant. Special market needs, howev- 
er, also contribute to the total 
demand picture. In sparsely popu- 
lated US locations regional phone 
companies are turning to mobile 
phones as the most cost-effective 
means of meeting legal obliga- 
tions to provide service to all cus- 
tomers. Similarly, Ross said 
QUALCOMM had done well in 
other large countries, like India 
and Russia, where wide band- 
width fibre optic systems are not 
available. Here, cell-phones are a 
less expensive solution to a rapid 
increase in subscriber accessibili- 
ty via wireless local loop (WLL) 
systems, again generating markets 
for GaAs ICs. 
Volume manufacturing 
An open forum at MANTECH was 
dedicated to volume manufactur- 
ing parameters and improved 
process yields, which will be es- 
sential to meet the future market 
demands for GaAs KS. 
Sheo Khetan from Anadigics 
(Warren, NJ, USA) described a 
process flow analysis whose re- 
sults improved wafer output by a 
factor of four. Seigo San0 from 
Fujitsu (San Jose, CA, USA) used 
product capacity control to reduce 
wafer losses from 400 to 100 per 
year. He also reported Fujitsu’s 
1997 GaAs sales at $350 million, 
mostly FETs and HEMTs sold into 
the terrestrial, mobile and satellite 
communications market segments. 
These Fujitsu results were pro 
duced by 1200 employees, running 
about 1600 wafers per month. A 
ramp up to 4000 wafers per month 
is planned for this year. 
Marc Wilson, from Motorola, de- 
scribed the use of both ion implan- 
tation and epitaxial processes in 
the company’s FET and HEMT pro 
duction lines for RF and digital ap- 
plications. He also emphasized the 
importance of documentation, 
process controls and employee 
suggestions as important contribu- 
tions toward the improved wafer 
flows and die yieldsThey are criti- 
cal production factors, because die 
cost, yield and a minimum of 95% 
on time delivery goals are key fac- 
tors for being competitive in to- 
day’s GaAs IC markets. To meet 
anticipated market growth, wafer 
starts at Motorola are being in- 
creased from 300 to 850 wafers 
per week, with chip volumes ex- 
pected to increase about sixfold. 
Art Geisberger, from RF 
MicroDevices (formerly Alpha 
Industries), described the installa- 
tion of their Greensboro, NC, fab 
dedicated to the production of 
HBTs. This is a 4” wafer line using 
licensed TRW technology, with 
4650 m2 of fab area available. 
10 000 wafer starts per year 
(wspy) are planned by January of 
next year, from the $40 million 
line, dedicated to the production 
of digital wireless RF ICs. 
E. Pettenpaul, from Siemens 
High Frequency Products Division, 
described the company’s main mar- 
ket interest, as IF and RF ICs for the 
telecom, automobile and consumer 
markets. Although not restricted to 
GaAs technology, Siemens has a 
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long history in III-V device develop- 
ment and a claim to fame by pro- 
ducing the first MMIC in 1981. The 
present device production levels 
include 100 000 wspy in BiCM<X 
silicon and 40 000 wspy in the 4” 
GaAs MESFET and HEMT wafer 
line, expanding to 60 000 by 2002. 
A 6” GaAs wafer line is planned for 
a January 2000 startup. By using a 
former silicon fab, there is anticipa- 
tion of a 33(X cost savings. A sili- 
con/germanium wafer line is also 
being installed to meet a 1999 stdrt- 
up date, “to challenge GaAs up to 
65 GHz” .The company is averaging 
cost reductions of about 10% per 
year towards ‘*achieving a goal of 
cost leadership”. 
The final speaker in this forum 
was Ian Burrows, vice president of 
operations at Vitesse, the largest US 
manufacturer of GaAs ICs. He re- 
ported a sustained 60% value in- 
crease for the last two years from 
Fab 1, the company’s 4” line. Last 
year, Fab 1 sales were $105 million 
serving the telecommunications. da- 
ta communications and ATE mar- 
kets. Overlapping this growth in 4” 
output. the 6” line was being in- 
stalled in Fab 2 and run through its 
start-up phase in a total time of 14 
months. Burrows also mentioned 
that the 6”-line installation was sim- 
plified because Vitesse was able to 
get short equipment lead times last 
year due to the slowdown in the 
sales of silicon IC production equip- 
ment. Now operating, Fab 2 con- 
tributed $1 million in sales during 
the last quarter ending March 1998. 
Vitesse production lines are al- 
ready a 24-hour per day operation, 
with 560 mL area fc)r the 4” line 
and 1400 m2 for the 6” line. He Stat- 
ed that it was important to know 
the installed capacity to be able to 
allocate product demand. He also 
stated that a well-trained work 
force and production yield teams 
with cross-functional responsibility 
are essential for a smooth opera- 
tion and to prepare for the rapid 
increases in wafer volume, typical 
of recent years. A graphic illustra- 
tion of the rapidly increasing wafer 
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Wafersizes wafefvolum~ 
7997 4” 26ooo 
1998 4” >38 ooo* 
1993 4” -40 ooo* 
1993 ()? 12 000 * 
1999 6” 44 000” 
* 1998 and 1999 volumes are estimates CSource:V%tesse Semtcondmtor) 
volumes occurring at Vitesse is giv- 
en in Table 3. 
Substrates 
Materials quality has always been 
an important issue for the semi- 
conductor industry and an even 
more important issue for the pro- 
duction of III-V devices because of 
the many additional variable fac- 
tors introduced by using com- 
pound materials. Thus a key 
prerequisite for the large-scale 
manufacture of GaAs devices is the 
availability of suitable larger diame- 
ter wafers to meet demand growth 
and lower chip production costs. 
About five years ago the Air 
Force Research Laboratory at 
Wright Patterson Air Force Base had 
determined that the IJS manufactur- 
ing capability for ion implantation 
substrates was falling behind the 
supply requirements of future 
strategic programmes. Subsequent- 
ly, the Department of Defense initi- 
ated a DPATitle III Project to try to 
correct the problem. In Seattle. John 
Blevins reported on the success of 
the recently completed four-year 
programme, which attracted fund- 
ing of around $23 million for the 
three LJS based wafer manufactur- 
ers - Airtron, AXT and M/A-COM. By 
the end of the project, a 24 kg ingot 
had been grown and 100 mm wafer 
capacities had been increased by 
mcore than 300%. In addition, boule 
production yields had increased 
by about 50% and flatness and kerf 
loss had also improved by a similar 
factor. 
The success of the project is re- 
flected in the fact that, of last year’s 
worldwide demand for semi-insu- 
lating (SI) GaAs wafers (mostly 4”) 
of approximately 4.3 million 
square inches (MSI), US suppliers 
produced about 40% - a definite 
improvement from the 24% share 
of a smaller market held by these 
suppliers in 1993. 
The Title III programme also 
included the successful develop- 
ment of 150 mm GaAs substrates. 
Indeed, without Title III the ques- 
tion arises: “would there have been 
enough 150 mm SI substrates from 
any source to meet the present 
GaAs IC requirements?” 
Although the project was fo- 
cused on SI-substrates Blevins pre- 
dicted that the demand for 
semiconducting GaAs wafers will 
grow even faster in the near term, 
catching up with the size of the Sl 
wafer market by the year 2002. 
This additional growth in demand 
is the result of the rapid increase in 
wireless applications for epitaxial- 
ly produced heterostructure de- 
vices.Time will tell whether these 
predicted increases in semicon- 
ducting wafer usage will lead to a 
significant increase in sales for epi- 
reactor vendors. 
Other efforts to improve wafer 
quality, and at the same time in- 
crease the availability of 6” wafers. 
were reported by Andre 
Kleinwechter from Freiberger 
Compound Materials (Freiberg, 
Germany). Kleinwechter described 
the progress of the company’s 6” 
process with crucible charges as 
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large as 20 kg for SI liquid encapsu- 
lated Czochralski (LEC) crystal 
growth. The carbon contents of 
these wafers can be provided in 
the 3x10’” to 1~10’~ per cm3 
range, depending on customer re- 
quirements. In general, the charac- 
teristics for the 6” wafers, such as 
flatness, electrical properties, EL-2 
and defect levels, compared well 
with or were superior to the speci- 
fications for 4” wafers. In 1998, 
Freiburger expects to produce 
110 000 x 4” and 4000 to 6000 x 6" 
substrates. 
HBT technology 
HBT device volumes are now signif- 
icant and their manufacture re- 
quires precise control of layer 
thickness and composition during 
epitaxial layer growth, a need that 
has challenged the molecular beam 
epitaxy (MBE) and metal organic 
chemical vapour deposition 
(MOCVD) equipment manufactur- 
ers.The importance of HBTs could 
be inferred from the number of pa- 
pers presented. N. Pan of Kopin 
Corp (Taunton, MA, USA) began 
proceedings by outlining volume 
production by MOCVD processes. 
To meet the demand for large num- 
bers of HBT devices, Kopin have de- 
veloped a carbon doped (up to 
4x10’4 MOCVD process for 
AlGaAs/GaAs wafers. It reports that 
continuous monitoring of the de- 
vice parameters has provided high- 
er yielding processes, where very 
high yields are now possible, which 
will lead to lower cost devicesThe 
substitution of an InGaP emitter lay- 
er for theAlGaAs is expected to give 
even better device performance 
and will be the next step in the de- 
velopment programme. 
In an invited paper, Hidenori 
Shimawaki, from the NEC High- 
Frequency Device Research 
Laboratory, described the advan- 
tages of HBTs, such as small chip 
size, low power consumption, sin- 
gle voltage supply, and low signal 
distortion ICs. He then reported on 
the production by NEC of a 2 x 
30 pm x GO-emitter, power-HBT by 
a MOCVD process on SI GaAs 
wafers. Operating at 3.4 V, this 
AIGaAs/GaAs chip produced an 
output power of 31.4 dBm and a 
high output power-added efficien- 
cy of 61XAccording to Hidenori, 
this performance level meets the 
requirements for Japanese PDCs 
(personal digital cellular phones) 
and exceeds the performance of 
competing bipolar devices. 
Also with communications 
needs in view, Bob Surridge from 
Nortel reported on the use of a 
combination ion-implant-MOCVD 
InGaP process for the manufac- 
ture of HBTs, lattice matched to 
4”GaAs substrates. Similar devices 
were also made from MBE 
processed and externally pro- 
duced MOCVD wafers. Using the 
Nortel process, commercial digital 
and analogue circuits are being 
made with yields in excess of 
90%. These ICs have been in use 
for over two years without failure, 
operating at up to 10 Gbits/sec- 
ond data rates in OC-192 applica- 
tions. Surridge stated that a 
second shift operation is being in- 
troduced to meet Nortel’s increas- 
ing HBT demand. 
At the high end of the frequen- 
cy range, David Ahmari from the 
University of Illinois at UrbaF- 
Champaign (UoI) described the 
fabrication of InGaP on GaAs 
HBTs, again by an MOCVD 
process. With a thin collector an ft 
value of 112 GHz was obtained. 
Differing peak operating frequen- 
cies can be obtained without extra 
process steps.The present frequen- 
cy limitations of this process are 
higher than those in the paper, 
with an f, of 150 GHz and an f,,, 
of 300 GHz. He estimated the max- 
imum frequency of this process to 
be about 400 GHz. 
Other device processes 
Three other high performance de- 
vices to be discussed were also de- 
veloped in UoI’s Microelectronics 
Laboratory. David Danzillo from 
M/A-COM reported on the transfer 
of a low noise MESFEX process, 
from the university to the M/A- 
COM GaAs IC fabrication line.The 
low cost ion-implantation process 
was available from a Defense 
Advanced Research Project Agency 
(DARPA) sponsored Technology 
Reinvestment Project (TRP). This 
non-MOCVD process makes avail- 
able circuits that operate up 
through the K-band.The key break- 
through was the development of a 
capped rapid thermal anneal pro- 
cess giving improved dopant activa- 
tion. Devices with 0.18 and 0.25 pm 
gates exhibited noise figures of 
about 1 dB at 18 GHz and 1.8 dB at 
26 GHz, performance levels that are 
competitive with p-HEMTs. 
Hsing-kuo Hsia, also from UoI, 
reported the development of an- 
other high frequency device, a 77 
GHz amplifier suitable for the pre- 
viously discussed collision-avoid- 
GaAs substrate 
Figure 2. Cross-section of the completed MET device (courtesy of the University of Illinois). 
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ance radars. Based on a 0.18 urn T- 
gate ion-implant MESFET technolo- 
gy, this Illinois group demonstrated 
the production of low cost mil- 
limetre wave mixers and 38 GHz 
amplifiers. According to Hsia, the 
success of the process is attributed 
to improvements in the electron 
beam gate writing process and op- 
timization of the ion implant 
scheme, allowing the production 
of low cost IMMICS. 
Quesnell J. Hartmann, UoI, de- 
scribed the development of epitaxi- 
ally grown heterojunction FETs 
(HFETs) with improved perfor- 
mance compared with GaAs 
MESFETs. The described devices of- 
fer improved speed performance, 
higher breakdown voltages and 
zero short channel effects. A cross- 
section of these devices is shown in 
Figure 2. MOCVD and other epitaxi- 
al processes usually have higher ini- 
tial costs, but the ability to use 
precise etch-stop chemistry for the 
gate etch, bandgap engineering in 
the channel and wide bandgap caps 
in the gate area for InGaAs and 
InGaP devices has opened up a use- 
ful performance extension window 
over ion-implanted GaAs MESFETs. 
Devices with f, of 80 GHz have 
been made and refinements of the 
process are expected to lead to the 
production of cost- effective ICs. 
An improved nitride deposition 
method was reported by J. Lee, 
from Seoul National University, 
Korea, who presented data on a 
remote-plasma-enhanced CVD 
(RPECVD) silicon nitride process 
for p-HEMT metal-insulator-metal 
(MIM) capacitors. Dielectric layers 
as thin as 440 A were grown at 
temperatures as low as 240°C. For 
p-HEMT devices, 1000 A thick di- 
electric layers were grown to pro- 
vide capacitors with improved 
characteristics, including a two to 
three fold improvement in leakage 
currents and breakdown voltages 
(> SMVcm-‘). 
Although the hard working at- 
tendees benefited little from the 
excellent weather, it was very sup- 
portive of the conference and al- 
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most as hot as the GaAs IC mar- 
ket. MANTECH attracted 240 at- 
tendees and 45 exhibitors, a more 
than 5% increase in participation 
in all areas. The continuing 
strength of the GaAs IC markets 
and the growth in industry em- 
ployment, foretell of continuing 
break-throughs in manufacturing 
technology and future increases 
in MANTECH attendance for some 
time to come. 
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